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%d\X[ZQ[JIgi{^J\ZcV>])X[S)g ` J%VbJ\T_ dIUW_I¢
KLK ÕNMPOQRTS











V'W/XAY*s2  «#ecJIH]TYJ ` JogiJ ` )ZPYV,PYX[Z 1W ` SZdF)U^H] ` JMd\X[ZQVg,UWPYZQV,J\_I¢0P ;
QTU¥d\X[ZcVg,UWPYZcVbJ 9 U&_,_,XQd\P\Jo
3  PPB \'7PYPYPB J\V&7PY  ;































V'W/XAY*s[z  «#ecJIH]TYJ ` JogiJ ` )ZPYV,PYX[Z 1W ` SZdF)U^H] ` JMd\X[ZQVg,UWPYZQV,J\_I¢0P ;
QTU¥d\X[ZcVg,UWPYZcVbJ 9 8 U&_,_,XQd\P\Jo3 8 PPB \'7PYPYPB J\V&7PY  ;
cVgiPRUWZ{[STRUWV,PYX[Z_ ` Jo J\TRUWSZ)Ua<giJ\_,]*J\d\V,PY[J\_ ` Jo4X^Zc < 3 8 @ )4X[ZQ < 3 .8 @4J\V4X[ZQ < 3 .2.8 @\¢
KLK ÕNMPOQRTS


























V'W/XAY*s3  «#ecJIH]TYJ ` JogiJ ` )ZPYV,PYX[Z 1W ` SZdF)U^H] ` JMd\X[ZQVg,UWPYZQV,J\_I¢0P ;
QTU¥d\X[ZcVg,UWPYZcVbJ 9  U&_,_,XQd\P\Jo
3  PPB \'7PYPYPB J\V&7PY  ;









V'W/XAY>s[v  «eQJIH]TYJ ` J giJ ` )ZPYV,PYX[Z tW ` SZJ§d\X[ZQVg,UWPYZQV,J ` J§©ªgiX[ZQV,PYGIgiJ[¢ 7PB ;
 UgnX[ZcVbPGIgnJ ` J\WUWZcV\VgnJgnJ\])J\d\V,\J['7PYPB J\V 7PYPYPB '
VgiPRUWZ{[STRUWV,PYX[Z_ ` J! J\TRUWSZ)Ua ` Jo X[Zc < 3  @4J\V4X[ZQ < 3 . @\¢
KLK ÕNMPOQRTS




V'W/XAY*s[r  «#ecJIH]TYJ ` JogiJ ` )ZPYV,PYX[ZDxW ` SZJMd\X[ZQVg,UWPYZQV,J ` J©ªgiX[ZQV,PYGIgiJ[¢'7PB '
QTRUd\X[ZQVg,UWPYZQV,J 9 MUW_,_,XQd\PY\J 3 W'7PYPB J\V PPYPB '
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 %U&Z_;d\Jhg,UW]]*XcgiV;U4\V,>w)giPYG\[JIHJ\ZQV gbUW]])J\TYhTJ\_b_,J\ZcVbPJ\T ` J\_])giX^])giPY\V,\_ ` J\_VgnPU&Z{[STRUWV,PYX[Z_ ` J  J\TRUWSZ)UaJ\Z
` PRHJ\Z_bPX^Z¥sÇ¢IfX[S)g
SZdF)U[H] ` J4d\X[ZQVg,UWPYZQV,J\_ ` X[ZZ i Â\SZJ4TPY_,VbJ ` U[gn\V,J\_  9§giJ\TRUWV,P¤© SZ!J\Z_bJIHowTYJ#)ZP ` J
]*X[PYZcVb_35 5 7 8 SZJ4d\TRUW_,_,P¤)dIUWV,PYX[Z{[\XQH\VgiP  SJ ` J\_hU[gi\V,J\_U\VbhPYZcVgiX ` SPYV,J[¢W4J\TYTYJªd\P])JIg,H¥J\V ` J ` \V,JIg,H¥PZJIg
SZJ%d\X^Z ` PVbPX^ZZ\d\J\_,_UWPRgiJJ\V4_,SQ¦<_UWZQV,J ` J\ecPY_,V,J\Zd\J<1&nÂ[_U&Z_ d\X^Z_,VgiSd\V,PYX[Z ` SZJVgiPRUWZ{[STRUWVbPX^Z \
` SZJoU[gi\V,J  SJ\TYd\X[Z  SJ ` J9 ` UWZ_V,X[SVbJVgnPU&Z{[STRUWV,PYX[Z ` Jo J\TU&SZ)UIa ` JoTJ\ZQ[J\TYX[]])J%d\X[ZQ[J\eQJ ` J3¢
«#Zld\XcgiX^TTRUWPRgiJ[WSZUWTY{[XcgnPVbF)HJhd\X[ZQ[JIgi{^J\ZcV ` J1gnJ ` )ZPVbPX^Z W ` SZJV,J\TYTYJd\X^ZcVgbUWPYZcV,J>wP¤ ` PH¥J\Z_,PYX[ZQ
ZJ\TYTYJ-9<U \V,])giX^])X[_,[ w)UW_,h_bS)g  SJ\T  SJ\_])gnX[])giPY\V,\_;{[\XQH\VgiP  SJ\_ ` J\_d\JIgnd\TJ\_J\V ` J\_ ` PY_  SJ\_I])U[g
PYZ_,JIgiV,PYX[Z_
` J>])X[PYZQV,_;_,S)g TJ\_U[gi\VbJ\_;TYPVbP{^PJ\S_bJ\_I¢¨ JhdF)U[H] ` Jhd\X^ZcVgbUWPYZcV,J\_ 9 . UWPYZ_,P[X[wV,J\ZQS;IUW_b_,Xcd\PYh SZoZX[S^J\TJ\Z_bJIHowTYJ
` JM])X[PYZQV,_ 3 . d\X[ZQV,J\Z)UWZQV.3 J\_,V©XcgiVbJIHJ\ZcV4 J\TRUWSZ)Ua[U ` H¥P_b_,PYwTJ)J\Z ` UWSVgiJ\_ V,JIg,HJ\_IQV,X^SV,J\_TYJ\_1U^gi\V,J\_ ` J
9 .;_,JIgiX[ZQVd\X[Z_bVgiSPYV,J\_])U[g V,X[SVbJ%VgiPRUWZ{[STRUWV,PYX[Z ` Jl J\TU&SZ)UIa ` JTJ\Zc^J\TX^]])Jd\X[Z)HM[J\eQJ ` J 3.¢
¨
JZXcHMw)giJ
` J ZX[S[JIUWSeM])X[PYZQV,_hUIjbX[SV,\_3U\V,4©XcgiV,JIH¥J\ZcV ` PRHPYZQSJ\Z¥© UWPY_U&ZcVhUW]])U^g,UWYVgiJ>SZ<gi\_,STYVUWV_bS)gTJ\_UWZ{^TJ\_
U&P{^S_PT




 giJ\dFJIgndFJ ` SZXcHMw)giJ%HPYZPRHlUWT ` J%]*X[PYZcVb_MPZ_bIgiJIg4])X^S)g4SZJ%d\X[ZQVg,UWPYZQV,J ` X^ZZ\J 
 \VUWwTYPY_,_,JIHJ\ZQV ` SZ UWTY{[XQgiPYV,F)HJ ` \V,JIg,HPYZ)UWZQV4TU¥])X[_,PYV,PYX[Z ` J%VbJ\T_])X^PZQV,_IQJ\VTYJ\_PYZ_,IgbUWZcV
 UW]]TYPdIU&V,PYX[ZTRUlgnJ\dFJIgidFJ ` S_  SJ\TYJ\V,VbJUWeQJ1H ` PRUWZ ` SZ])X[TYaQ{[X[ZJ 
 UW]]TYPdIU&V,PYX[ZTRU ` \VbJIg,HPYZ)UWV,PYX[Z ` SZ UWTY{[XcgnPVbF)HJd\X^Zc[JIgn{[J\ZcV>J\Z ` PRHJ\Z_,PYX[ZqÇ¢
KLK ÕNMPOQRTS
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Unit é de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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